Mathematical model of beta-cell glucose metabolism and insulin release. I. Glucokinase as glucosensor hypothesis.
To quantitatively test the theory that glucokinase controls the rate of glucose metabolism and therefore the rate of insulin secretion, a minimal mathematical model of glycolysis in the pancreatic beta-cell was developed. The model represents our current hypothesis of how the normal beta-cell transduces the glucose signal. In this report, the model was used to address questions regarding the control strength of transport, hexokinase, glucose-6-phosphatase, and phosphofructokinase in the metabolism of glucose. The hypothesis that fructose 6-phosphate and a protein regulator modulate glucokinase activity was evaluated by simulation analysis, as was the possibility that glucose-6-phosphatase, working in concert with phosphofructokinase, can modulate the glucose-sensing system. It was found that, in the absence of glucose-6-phosphatase, transport, hexokinase, and phosphofructokinase do not greatly influence the rate of glucose metabolism unless their activities are dramatically altered from the measured values. Glucose metabolism was profoundly affected by the activity of glucokinase. However, in the presence of glucose-6-phosphatase, the ratio of glucose-6-phosphatase to phosphofructokinase activities was a very important parameter, and this potential control mechanism deserves more attention. The results further support the notion that glucokinase is indeed the glucosensor of the beta-cell and that modeling the system in toto provides quantitative evaluation needed to interpret the experimental tests of hypotheses.